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STACKED SEMICONDUCTOR PACKAGE IN
WHICH SEMICONDUCTOR PACKAGES ARE
CONNECTED USING A CONNECTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priornity to Korean patent
application number 10-2007-0110620 filed on Oct. 31, 2007,
which 1s incorporated herein by reference in 1ts entirety.

BACKGROUND OF THE INVENTION

The present invention relates generally to a stacked semi-
conductor device, and more particularly to a stacked semi-
conductor package 1n which a lower semiconductor package
and an upper semiconductor package are electrically con-
nected using a connector.

Recent developments have led to semiconductor devices
that store massive amounts of data and that process the stored
data in a short period of time.

A typical semiconductor device 1s fabricated using a semi-
conductor chip fabrication process for forming a semicon-
ductor chip by itegrating devices such as transistors, resis-
tors, and capacitors and a packaging process for singulating,
the semiconductor chip and electrically connecting the semi-
conductor chip to an external circuit substrate and for pro-
tecting the semiconductor chip, which are typically weak and
brittle, from external impact and/or vibration.

Recent technical developments in the package process
have lead to a chip scale package having a s1ze of no more than
100% to 105% of the size of a semiconductor chip and a
stacked semiconductor package 1n which a plurality of semi-
conductor chips or a plurality of semiconductor packages are
stacked.

In the stacked semiconductor package, signal transierring,
technology for providing a signal from a lower semiconduc-
tor package to an upper semiconductor package 1s very
important.

A stacked semiconductor package, in which a plurality of
semiconductor packages are stacked, requires technology
that sequentially provides a signal from a lower semiconduc-
tor package to an upper semiconductor package.

SUMMARY OF THE INVENTION

Embodiments of the present imvention are directed to a
stacked semiconductor package 1in which a lower semicon-
ductor package and an upper semiconductor package are
clectrically connected using a connector.

In one embodiment, a stacked semiconductor package
comprises a semiconductor package module in which a plu-
rality of semiconductor packages, which include a substrate
and a semiconductor chip, mounted over the substrate are
stacked; and a connector for electrically connecting a pair of
adjacent semiconductor packages so as to sequentially pro-
vide a signal from a lower semiconductor package of the
semiconductor package module toward an upper semicon-
ductor package.

The connector includes at least two conductive connector
bodies for electrically connecting a pair of adjacent substrates
and an msulation member mterposed between the connector

bodies.

Alternatively, the connector may include an insulation
body for mechanically connecting a pair of the adjacent sub-
strates, and at least two conductive patterns disposed over the
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surface of the insulation body and electrically connecting the
pair ol the adjacent substrates.

The stacked semiconductor package may further comprise
an output connector for outputting a signal from the semicon-
ductor package module.

The output connector 1s outputs a signal from an uppermost
semiconductor package in the semiconductor package mod-
ule to a lowermost semiconductor package in the semicon-
ductor package module.

Each substrate has a first via hole disposed at a first edge
and 1into which a first connector 1s inserted; and a second via
hole disposed at a second edge opposite to the first edge and
into which a second connector 1s mserted.

A conductive layer 1s formed at an inside surface of each
substrate formed with the first and second via holes and each
conductive layer 1s electrically connected with each semicon-
ductor chip.

The semiconductor package module may include four
semiconductor packages that are sequentially disposed
labeled as first through fourth semiconductor packages.

In the semiconductor package module including four semi-
conductor packages, the first connector includes a first con-
ductive connector body for electrically connecting the first
via holes of the first and second semiconductor packages; and
a second conductive connector body for electrically connect-
ing the first via holes of the third and fourth semiconductor
packages. The second connector includes a third conductive
connector body for electrically connecting the second via
holes of the second and third semiconductor packages.

Alternative, each substrate may have a first recess part
disposed at a first edge of the substrate and coupled to the first
connector, and a second recess part disposed at a second edge
opposite to the first edge and coupled to the second connector,
rather than the via holes formed 1n the substrates

The first and the second recess parts may have a groove
shape.

The stacked semiconductor package may further comprise
a support member 1inserted between the substrates and having
a through hole into which the connector in 1nserted.

In another embodiment, a stacked semiconductor package
comprises a lirst circuit board formed with first via holes
along an edge thereof; a second circuit board having second
via holes corresponding to the first via holes; a connector
module including a pin shaped connector for connecting the
first via hole and the second via hole; a first semiconductor
package mounted over the first circuit board using solder
balls; and a second semiconductor package mounted over the
second circuit board using solder balls.

The connector module includes a connector support block
interposed between the first and the second circuit boards and
through which the connector passes.

The stacked semiconductor package may further comprise
solders for electrically connecting the connector and the first
and the second circuit boards.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partially broken perspective view showing a
stacked semiconductor package in accordance with an
embodiment of the present invention.

FIG. 2 1s a cross-sectional view showing the inside of the
structure shown in FIG. 1.

FIG. 3 1s a cross-sectional view showing the first connector
and the second connector shown in FIG. 1.

FIG. 4 15 a cross-sectional view showing the third connec-
tor shown 1n FIG. 1.
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FIG. 5 1s a cross-sectional view showing a stacked semi-
conductor package 1n accordance with another embodiment
of the present invention.

FI1G. 6 1s a plan view of the stacked semiconductor package
of FIG. S.

FIG. 7 1s an exploded perspective view showing a stacked
semiconductor package 1n accordance with another embodi-
ment of the present invention.

FIG. 8 1s an assembled perspective view of FIG. 7.

FI1G. 9 1s a cross-sectional view 1llustrating the mnside of the
structure shown in FIG. 8.

DESCRIPTION OF SPECIFIC EMBODIMENTS

FIG. 1 1s a partially broken perspective view showing a
stacked semiconductor package in accordance with an
embodiment of the present invention. FIG. 2 1s a cross-sec-

tional view 1illustrating the inside of the structure shown in
FIG. 1.

Referring to FIGS. 1 and 2, the stacked semiconductor

package 300 includes a semiconductor package module 100
and a connector 200.

The semiconductor package module 100 includes a plural-
ity of semiconductor packages 10, 20, 30, and 40. In the
present invention shown 1n FIG. 1, the semiconductor pack-
age module 100 includes, for example, four stacked semicon-
ductor packages. Although the semiconductor package mod-
ule 100 shown 1n FIG. 1 includes only four semiconductor
packages, the semiconductor package module 100 may
include even more semiconductor packages.

In the present invention, the four semiconductor packages
10, 20, 30 and 40 included 1n the semiconductor package
module 100 will be referred to as first through fourth semi-
conductor packages 10, 20, 30, and 40. The first through
fourth semiconductor packages 10 through 40 are sequen-
tially disposed, for example, the first semiconductor package
10 1s disposed at the lowermost part of the semiconductor
package module 100 and the fourth semiconductor package
40 1s disposed at the uppermost part of the semiconductor
package module 100.

As shown 1n FIG. 2, a plurality of solder balls 11 are
clectrically connected to the first semiconductor package 10
disposed, 1.e. the lowermost semiconductor package of the
first through fourth semiconductor packages 10, 20, 30, and
40 1ncluded 1n the semiconductor package module 100. An
input signal 1s applied to the solder balls 11 from an outside
source, or the first through fourth semiconductor packages

10, 20, 30, and 40 provides an output signal to the solder balls
11.

The first semiconductor package 10 includes a first sub-
strate 12 and a first semiconductor chip 14.

The first substrate 12 may be, for example, a printed circuit
board having a plate shape. An opening 13 having a slit shape
1s formed at a center portion of the first substrate 12, and a
plurality of connection pads (not shown) 1s disposed at a
vicinity of the opening 13.

The first semiconductor chip 14 1s disposed over the first
substrate 12. Bonding pads 14a are arranged on the center
portion of the first semiconductor chip 14 corresponding to
the opening 13. The first semiconductor chip 14 having the
bonding pads 14a 1s attached to the first substrate 12, and as

such the bonding pads 14a are exposed through the opening
13.

The bonding pads 14a of the first semiconductor chip 14
are electrically connected to the connection pads (not shown)
of the first substrate 12 using a bonding wire 16.
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The second semiconductor package 20 disposed over the
first semiconductor package 10 includes a second substrate
22 and a second semiconductor chip 24.

The second substrate 22 may be, for example, a printed
circuit board having a plate shape. An opening 23 having a slit
shape 1s formed 1n a center portion of the second substrate 22,
and connection pads (not shown) are disposed 1n a vicinity of
the opening 23.

The second semiconductor chip 24 1s disposed over the
second substrate 22. Bonding pads 24a are arranged in the
center portion of the second semiconductor chip 24 corre-
sponding to the opening 23. The second semiconductor chip
24 having the bonding pads 24a 1s attached to the second
substrate 22, and as such the bonding pads 24a are exposed
through the opening 23.

The bonding pads 24a of the second semiconductor chip 24
are electrically connected to the connection pads (not shown)
of the second substrate 22 using a bonding wire 26.

The third semiconductor package 30 disposed over the
second semiconductor package 20 includes a third substrate
32 and a third semiconductor chip 34.

The third substrate 32 may be, for example, a printed
circuit board having a plate shape. An opening 33 having a slit
shape 1s formed 1n a center portion of the third substrate 32,
and connection pads (not shown) are disposed 1n a vicinity of
the opening 33.

The third semiconductor chip 34 1s disposed over the third
substrate 32. Bonding pads 34a are arranged at the center
portion of the third semiconductor chip 34 corresponding to
the opening 33. The thurd chip 34 having the bonding pads
34a 1s attached to the third substrate 32, and as such the
bonding pads 34a are exposed through the opening 33.

The bonding pads 34a of the third semiconductor chip 34
are electrically connected to the connection pads (not shown)
of the second substrate 32 using a bonding wire 36.

The fourth semiconductor package 40 disposed over the
third semiconductor package 30 includes a fourth substrate
42 and a fourth semiconductor chip 44.

The fourth substrate 42 may be, for example, a printed
circuit board having a plate shape. An opening 43 having a slit
shape 1s formed 1n a center portion of the fourth substrate 42,
and connection pads (not shown) are disposed 1n a vicinity of
the opening 43.

The fourth semiconductor chip 44 1s disposed over the
fourth substrate 42. Bonding pads 44a are arranged at the
center portion of the fourth semiconductor chip 44 corre-
sponding to the opening 43. The fourth chip 44 having the
bonding pads 44a 1s attached to the fourth substrate 42, and as
such the bonding pads 44a are exposed through the opening
43.

The bonding pads 44a of the fourth semiconductor chip 44
are electrically connected to the connection pads (not shown)
of the fourth substrate 42 using a bonding wire 46.

The first through fourth semiconductor packages 10, 20,
30, and 40 described specifically above can operate sepa-
rately from one another. However, the first through fourth
semiconductor packages 10, 20, 30, and 40 cannot cooperate
with one another because there are no connection members
for connecting the first through fourth semiconductor pack-
ages 10, 20, 30, and 40 to one another.

In the present invention, 1n order to give the first through
fourth semiconductor packages 10, 20, 30, and 40 the ability
to cooperate with one another, the first through fourth sub-
strates 12, 22,32, and 42 include first viaholes 17, 27, 37, and
4’7 and second via holes 18, 28, 38, and 48 respectively. The
first via holes 17, 27, 37, and 47 and the second via holes 18,

28, 38, and 48 are clectrically connected via connectors 200.
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The first via holes 17, 27, 37, and 47 penetrate the first
through fourth substrates 12, 22, 32, and 42 at a correspond-
ing first edge of the first through fourth substrates 12, 22, 32
and 42. The first via holes 17, 27, 37 and 47 are each aligned
at the first edge. When viewed from the top, a plurality of each
of the first via holes 17, 27, 37, and 47 are formed 1n a line
along the corresponding first edge of the first through fourth
substrates 12, 22, 32, and 42 respectively, as shown in FIG. 1.

The second via holes 18, 28, 38, and 48 penetrate the first
the fourth substrate at a corresponding second edge that 1s
opposite the first edge of the first through fourth substrates 12,
22,32, and 42. The second via holes 18, 28, 38, and 48 are also
cach aligned with one another. When viewed from the top, a
plurality of each of the second via holes 18, 28, 38, and 48 1s
formed 1n a line along the corresponding second edge (which
1s opposite to the first edge) of the first through fourth sub-
strates 12, 22, 32, and 42 respectively, as shown 1n FIG. 1.

The connector 200 i1ncludes a first conductive connector
body 210 and a second conductive connector body 220. In
addition, an output connector 250 may also be included.

FIG. 3 1s a cross-sectional view of the first conductive
connector body 210 and the second conductive connector

body 220 shown 1n FIG. 1.

Referring to FIG. 3, the first conductive connector body
210 and the second conductive connector body 220 are
arranged, for example, 1n a series, and an 1nsulation member
215 1s interposed between the first conductive connector body
210 and the second conductive connector body 220. In the
present invention, the first conductive connector body 210
and the second conductive connector body 220 may have a
cylindrical shape or a hollow pipe shape.

The first conductive connector body 210 electrically con-
nects the first via hole 17 of the first substrate 12 and the first
via hole 27 of the second substrate 22, and the second con-
ductive connector body 220 electrically connects the first via
hole 37 of the third substrate 32 and the first via hole 47 of the
fourth substrate 42. The 1nsulation member 2135 between the
first conductive connector body 210 and the second conduc-
tive connector body 220 keeps a signal applied to the first
conductive connector body 210 from being applied to the
second conductive connector body 220.

FIG. 4 1s a cross-sectional view illustrating a third conduc-
tive connector body shown 1n FIG. 1.

Referring to FIG. 4, the third conductive connector body
230 electrically connects the second via hole 28 of the second
substrate 22 and the second via hole 38 of the third substrate
32. Insulation members 225 may be formed in the third con-
ductive connector body 230 to keep a signal applied to the
third conductive connector body 230 from traveling to the
first substrate 10 or the fourth substrate 40.

Referring again to FIG. 1, the present mnvention may fur-
ther include the output connector 250. The output connector
250 recerves a signal from the fourth semiconductor package
40 and outputs 1t to the first semiconductor package 10. In this
present invention, although the connector 200 includes the
first and second conductive connector bodies 210 and 220
insulated from the insulation member 215 or the third con-
ductive connector body 230 insulated from the insulation
member 225, but the first through third connector bodies may
include an mnsulation body for mechanically connecting a pair
of the adjacent substrates, and at least two conductive patterns
disposed over the surface of the insulation body and electr-
cally connecting the pair of adjacent substrates.

Referring again to FIG. 2, the solder balls 11 are electri-
cally connected to a ball land (not shown) of the first substrate
12 of the first semiconductor package 10. An input signal may
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6

be mput from an outside source 1s applied to the solder ball 11,
or an output signal may be output to an outside source from

the solder ball 11.

The mput signal input to the solder ball 11 1s applied to the
first semiconductor chip 14 of the first semiconductor pack-
age 10. The signal 1s then output from the first semiconductor
chip 14 and 1s applied to the first conductive connector body

210 through the first via hole 17 of the first substrate 12.

The signal applied to the first conductive connector body
210 1s then applied through the second substrate 22 and to the
second semiconductor chip 24 of the second semiconductor
package 20. Thereatter, the signal 1s output from the second
semiconductor chip 24 and 1s applied through the second via
hole 28 of the second substrate 22 and to the third conductive
connector body 230.

The signal applied to the third conductive connector body
230 1s applied through the third substrate 32 and to the third
semiconductor chip 34 of the third semiconductor package
30. Thereaftter, the signal output from the third semiconductor
chip 34 is applied through the first via hole 37 of the third
substrate 32 and to the second conductive connector body
220. The signal applied to the second conductive connector
body 220 1s applied through the fourth substrate 42 of the
fourth semiconductor package 40 and to the fourth semicon-
ductor chip 44. The signal applied to the fourth semiconduc-
tor chip 44 and 1s output through the fourth substrate 42 and
to the output connector 250 shown 1n FIG. 1. The signal 1s
then applied through the output connector 250 and to the first
substrate 12 of the first semiconductor package 10. In the
present invention, although the signal, for example, 1s iput-
ted from the first substrate 12 to the fourth substrate 43 using
the first and second conductive connector bodies 210 and 220
and then 1s outputted from the fourth substrate 42 to the first
substrate 12 using the output connector 250, but the signal 1s
outputted from each of the first through fourth substrates 12,
22, 32 and 42 because the output connector 1s electrically
connected with each of the first through fourth semiconductor

packages 10,20,30 and 40.

The first via holes and the second via holes shown m FIG.
1 are formed 1n a line. However, alternatively, when there 1s a
large number of the first via holes and the second via holes,
the first via holes and the second via holes may be disposed in
a zigzag shape over the respective substrates.

Additionally, 1n the embodiment of the present invention as
shown and described 1n FIGS. 1 through 3, a stacked semi-
conductor package includes the first via holes and the second
via holes formed 1n the first through fourth substrates 12, 22,
32, and 42 of the first through fourth semiconductor packages
10, 20, 30, and 40 and connectors that are coupled to the first
and second via holes. Alternatively, as shown 1n FIGS. § and
6, first recess parts 19a, 294a, 394, and 494 may be formed 1n
a first edge of the first through fourth substrates 12,22, 32, and
42 of the first through fourth semiconductor packages 10, 20,

30, and 40. And second recess parts 195, 295, 3956, and 495
may be formed 1n a second edge that 1s opposite the first edge.

In the embodiment shown 1n FIGS. 5 and 6, a first conduc-
tive connector body 210 1s electrically connected to the first
recess parts 19q and 29qa, and a second conductive connector
body 220 1s electrically connected to the first recess parts 39a
and 49a. An nsulation member 215 insulates the first con-
ductive connector body 210 and the second conductive con-
nector body 220 from each other, and a support member 260
1s coupled to the first conductive connector body 210 and the
second conductive connector body 220. The support member
260 has through holes through which the second conductive

connector bodies 220 pass.
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A third conductive connector body 230 1s electrically con-
nected to the second recess parts 296 and 395. The third
conductive connector body 230 includes msulation members
225 that insulate the third connector 230 from the second
recess parts 196 and 49b. A support member 270 1s coupled to
the third conductive connector body 230, and the support
member 270 has through holes through which the third con-

ductive connector bodies 230 pass.

FIG. 7 1s an exploded perspective view showing a stacked
semiconductor package 1n accordance with another embodi-
ment of the present invention. FIG. 8 1s an assembled per-
spective view of FIG. 7. FIG. 9 1s a cross-sectional view
illustrating the inside structure of FIG. 8.

Referring to FIGS. 7 through 9, the stacked semiconductor
package 200 1includes a first circuit board 210, a second circuit
board 220, a connector module 230, a first semiconductor
package 240, and a second semiconductor package 250.

The first circuit board 210 may have, for example, a rect-
angular plate shape. The first circuit board 210 may include,
tor example, four edges and first via holes 212 that are formed
along three edges of the first circuit board 212.

The second circuit board 220 may have, for example, a
rectangular plate shape. The second circuit board 220 has
substantially the same shape and size as the first circuit board
210. Second via holes 222 are formed 1n the second circuit

board 220 1n positions corresponding to the first via holes
212.

The connector module 230 1s interposed between the first
circuit board 210 and the second circuit board 220. The con-
nector module 230 includes a connector support block 232
and connectors 234. The connector support block 232 1s inter-
posed between the first circuit board 210 and the second
circuit board 220. The connector support block 232 has
through holes through which the connectors 234 passes, and
the through holes are aligned with the first via holes 212 of the
first circuit board 210 and the second via holes 222 of the
second circuit board 220.

The connectors 234 are inserted into the through holes of
the connector support block 232, and both end parts of each of
the connectors 234 project from the connector support block
232. The connectors 234 that project from the connector
support block 232 are coupled to the first via hole 212 of the
first circuit board 210 and the second via hole 222 of the
second circuit board 220. The first via holes 212 and the
connectors 234 and the second via holes 222 and the connec-
tors 234 are electrically connected to each other using solder.

The first semiconductor package 240 1s electrically con-
nected to the first circuit board 210. The first semiconductor
package 240 may be, for example, a ball grid array package
(BGA) that includes a substrate (not shown), a semiconductor
chip (not shown) disposed over a surface of the substrate, and
a solder ball disposed on the opposite surface of the substrate.
The solder ball of the second semiconductor package 250 1s
clectrically connected to the second circuit board 220.

In FIGS. 7 through 9, two circuit boards and two semicon-
ductor packages are shown, however, alternatively, three or
more circuit boards and semiconductor packages may be
stacked 1n the stacked semiconductor package 1n accordance
with the present embodiment, and the connector may have the
structure shown i1n FIGS. 1 through 5 when three or more
circuit boards are stacked.

In the present embodiment, the circuit boards connected
using the connector module are disposed between the semi-
conductor packages, and 1t 1s therefore possible to stack a
plurality of semiconductor packages that have already been
packaged.
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As 1s apparent from the above description, 1n the present
invention, a pin shaped connector including an insulation
member and a conductive member 1s coupled to a stacked
semiconductor package; and therefore, the present invention
1s capable of taking a signal input from an outside source and
be sequentially inputting the signal to a plurality of semicon-
ductor packages.

Although specific embodiments of the present invention
have been described for 1llustrative purposes, those skilled in
the art will appreciate that various modifications, additions
and substitutions are possible without departing from the
scope and the spirit of the invention as disclosed in the accom-
panying claims.

What 1s claimed 1s:

1. A stacked semiconductor package, comprising:

a semiconductor package module having a plurality of
stacked semiconductor packages, wherein each semi-
conductor package includes a substrate and a semicon-
ductor chip mounted over the substrate; and

a lirst connector and a second connector for electrically
connecting a pair ol adjacent semiconductor packages to
sequentially provide a signal from a lower semiconduc-
tor package of the semiconductor package module
toward an upper semiconductor package,

wherein the first and second connectors include at least two
conductive connector bodies, each conductive connec-
tor body electrically connecting a pair of adjacent sub-
strates, and an insulation member interposed between
the conductive connector bodies.

2. The stacked semiconductor package according to claim

1, further comprising an output connector for outputting a
signal from the semiconductor package module.

3. The stacked semiconductor package according to claim
2, wherein the output connector 1s electrically connected with
cach of the semiconductor packages.

4. The stacked semiconductor package according to claim
1, wherein each substrate comprises:

a first via hole disposed at a first edge of the substrate,
wherein the first connector 1s inserted into the first via
hole; and

a second via hole disposed at a second edge opposite to the
first edge, wherein the second connector penetrates the
second via hole.

5. The stacked semiconductor package according to claim

4, wherein the substrates are electrically connected to the
corresponding semiconductor chip.

6. The stacked semiconductor package according to claim
4, wherein the semiconductor package module includes a first
semiconductor package, a second semiconductor package, a
third semiconductor package, and a fourth semiconductor
package which are sequentially stacked.

7. The stacked semiconductor package according to claim
6, wherein:

the first connector comprises:

a first conductive connector body electrically connect-
ing the first via hole of the first semiconductor pack-
age to the first via hole of the second semiconductor
package; and

a second conductive connector body electrically con-
necting the first via hole of the third semiconductor
package to the first via hole of the fourth semiconduc-
tor package;

cach second connector comprises:

a third conductive connection body electrically connect-
ing the second via hole of the second semiconductor
package to the second via hole of the third semicon-
ductor package.
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8. The stacked semiconductor package according to claim
1, wherein each substrate has:

a first recess part formed 1n a first edge of the substrate,
wherein the recess part 1s coupled to the first connector;
and

a second recess parts formed 1n a second edge of the sub-
strate opposite to the first edge and coupled to the second
connector.

9. The stacked semiconductor package according to claim

8, wherein the first and the second recess parts have a groove
shape.

10. The stacked semiconductor package according to claim

8, further comprising support members inserted in areas
between the substrates that correspond to the first via holes
and areas between the substrates that correspond to the sec-
ond via holes, wherein the support members have a through
hole 1nto which the first connector or the second connector 1s
inserted.

10

15

10

11. A stacked semiconductor package, comprising:

a semiconductor package module haying a plurality of
stacked semiconductor packages, wherein each semi-
conductor package includes a substrate and a semicon-
ductor chip mounted over the substrate; and

a first connector and a second connector for electrically
connecting a pair ol adjacent semiconductor packages to
sequentially provide a signal from a lower semiconduc-
tor package of the semiconductor package module
toward an upper semiconductor package,

wherein the first and second connectors include an 1nsula-
tion body for mechanically connecting a pair of the
adjacent substrates, and at least two conductive patterns
disposed over the surface of the insulation body and
clectrically connecting the pair of adjacent substrates.
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